Introduction
============

Chondromalacia patella is defined as the softening, thinning, and degradation of cartilage underneath the patella. It is also defined by patellofemoral pain syndrome, a condition that affects both younger and older patients. In adolescents and young adults, the condition is primarily due to injury leading to the breakdown of intraarticular cartilage and resultant osteoarthritis.[@b1-cmamd-7-2014-013] In older adults, chondromalacia patella is primarily the result of age-related osteoarthritis of the knee. Conservative, first line therapy for chondromalacia patella includes exercise, physical therapy, nonsteroidal anti-inflammatory drugs (NSAIDs) and corticosteroid injections.[@b2-cmamd-7-2014-013] While temporary pain relief is associated with chondromalacia patella, both treatments also lead to cartilage degeneration and knee replacement is ultimately required. As a result, in the number of knee replacements has increased dramatically. From 2000 to 2004, the number of knee replacements increased by 53%, from 281,534 to 431,485.[@b3-cmamd-7-2014-013] It has been projected that in 2015, the number of knee replacements will reach nearly 1.4 million.[@b3-cmamd-7-2014-013] We propose that prolotherapy, a technique first pioneered by George Hackett in the 1950s,[@b4-cmamd-7-2014-013] can obviate patellofemoral pain syndrome resulting from chondromalacia patella and lead to cartilage synthesis in the knee.

Anatomy and physiology
----------------------

The movement of the patella, also known as the knee cap, in a distal to caudal motion occurs through the quadriceps tendon, which is connected to the quadriceps muscle caudally, and the patellar tendon, which connects the patella to the tibia distally. As part of a more intricate anatomy of tendons and vasculature, the patella overlies the joint consisting of the junction of the femur and the tibia. The space between these two bones is where cartilage and an extracellular matrix exist. Additionally, the surface under the patella is covered with articular cartilage that is smooth and slippery. When the knee flexes and extends, this smooth surface allows the patella to slide easily into the groove of the femur. This cartilage becomes rough and wears away in chondromalacia patella.

Causes of chondromalacia patella
--------------------------------

In adolescents and active adults, chondromalacia patella can be due to sports injury with participation in athletics, such as running, soccer, cycling, skiing, and gymnastics, which are high-impact sports, involve abrupt stopping, and apply repetitive torsion, stress, and force to the joint. Overuse or injury can lead to the degradation of intraarticular cartilage under the knee cap. This osteoarthritis can result from ligament injury, excess laxity, joint hypermobility, and clinical instability with osteoarthritis appearing in the synovial joint.[@b1-cmamd-7-2014-013] Other sources that can lead to patellofemoral pain syndrome in teens and young adults include injury due to car accidents (dislocation and fracture) and congenital flat feet. When the patella does not fit properly into the femoral groove upon movement or is dislocated to one side due to anomaly of the ligaments or musculature, chondromalacia patella can result.

In older adults, the hallmark condition associated with chondromalacia patella is osteoarthritis. Although the pathogenesis of osteoarthritis involves both the degradation and synthesis of articular cartilage, cytokines cause greater break-down than repair.[@b5-cmamd-7-2014-013]--[@b27-cmamd-7-2014-013]

Chondromalacia patella is differentiated from the diagnoses of anterior cruciate ligament tear and tendon injuries, although these conditions contribute to the development of patellofemoral pain syndrome. In chondromalacia patella, the occurrence of degeneration of cartilage is hidden behind the hard bony, floating structure of the patella.

Signs and symptoms
------------------

In addition to acute or chronic pain, other symptoms of chondromalacia patella include popping and cracking sounds. These symptoms are worse upon climbing stairs, running, kneeling, squatting, or other physical activity involving the knee. Typically, the symptoms of chondromalacia patella worsen over time.

Upon physical examination, crepitation or dysfunction of the patella may be noted. Palpation of the patellofemoral articulation during active and passive range of motion of the knee will determine if there is crepitation of the joint or abnormal tracking of the patella within the femoral trochlea. Compression of the patella against the femur at varying degrees of knee flexion may elicit articular pain. An alternative method involves manually resisting the upward movement of the patella as the patient actively contracts the quadriceps. Manipulating the patella with simultaneous compression of the patellofemoral joint may elicit pain, but, more importantly, may identify areas of significant cartilage wear on the joint surfaces.

The examination is completed by thorough evaluation of the knee ligaments. This includes examination of the medial and lateral collateral ligaments as well as examination of the anterior and posterior cruciate ligaments. Joint line tenderness and crepitation of the joint may identify medial and lateral meniscus tears with provocative maneuvers such as McMurray testing.

Treatment
---------

Upon diagnosis, initial treatment for osteomalacia patella includes rest and vitamin D, but these therapies do not regenerate cartilage. Nonsteroidal anti-inflammatory drugs (NSAIDs) may also be prescribed, but studies show further degradation of cartilage with this therapy in both animals and humans.[@b6-cmamd-7-2014-013] In addition to molecular changes in the cartilage by NSAIDs, the cartilage break down also may be due to increased joint use and load upon the knee following pain amelioration.[@b28-cmamd-7-2014-013]--[@b30-cmamd-7-2014-013] Muscle strengthening exercises may improve the relative location of the patella upon movement, but do not improve the tendons, ligaments, or cartilage. As chondromalacia patella worsens, corticosteroid injections may be provided in an attempt to relieve pain symptoms. However, a comprehensive review of the literature documents significant necrosis of cartilage from even just one injection.[@b31-cmamd-7-2014-013] The known effects of intraarticular corticosteroids on articular cartilage have been documented in a study by Hauser. As it worsens, arthroscopy may be recommended to remove the degraded cartilage. Finally, due to the resultant osteoarthritis, knee replacement may ultimately be recommended.

To ameliorate the resultant pain of chondromalacia patella and reverse the process of cartilage degeneration, we recommend prolotherapy consisting of dextrose injections over a series of 4 visits.

Patients and Procedures
=======================

Patients
--------

We examined a population of 117 patients recruited for prolotherapy for chondromalacia patella from February 2008 to September 2009. Of these, 69 knees in 61 patients were enrolled in this retrospective study. (Eight patients underwent prolotherapy on bilateral knees).

Inclusion criteria for the study included chondromalacia patella; age of at least 18 years; duration of pain greater than 3 months; completion of a series of prolotherapy injections, consisting of 24--40 injections per treated knee at each session; no other prior or concomitant therapy for the condition, including other physician visits for chondromalacia, no NSAID use, no corticosteroid injections, no physical therapy, or other treatments specifically designed to treat chondromalacia; completion of follow-up visits; and completion of written and verbal questionnaire by patient as provided by study administrator (DG) regarding prolotherapy results.

Exclusion criteria included other conditions affecting the patella or knee, age younger than 18 years, incomplete series of prolotherapy injections, concomitant therapy, incomplete follow up, and inability to complete questionnaire of prolotherapy results. Use of NSAID medications, over-the-counter or prescription, or steroid preparations resulted in exclusion from the study.

Injection protocol and post-procedure regimen
---------------------------------------------

Each patient reviewed and signed a procedure consent form, which described the inherent benefits and risks associated with the prolotherapy procedure. Each patient verbalized the understanding and desire to undergo the procedure. After recording the patient's vital signs and obtaining patient history, the patient was placed on the treatment table in a supine position. The treatment area was cleaned with hydrogen peroxide and then with ChloraPrep^®^ (2% chlorhexidine gluconate/70% isopropyl alcohol) (CareFusion Corporation, San Diego, CA, USA). Lidocaine cream 5% was applied to the area 10--15 min prior to treatment. The area was cleaned again using 3% hydrogen peroxide and ChloraPrep^®^, 15 min after application of the lidocaine.

The patient was administered a solution of 15% dextrose, 0.1% procaine, and 10% sarapin solution at the bony attachments in and around the anterior knee, including the medial and lateral collateral ligaments, patellar ligament, vastus medialis and iliotibial tract, and pes anserinus. An intraarticular injection with 8 cc of solution was also provided.

A total of 40 cc of solution was utilized for 24 separate injections. In addition to the active agents in each injection, the following additives were used as needed: human growth hormone (2 IU, intraarticular), as well as 0.5--1 cc/knee per syringe of manganese (0.1 mg/mL), morrhuate sodium, 5% (American Regent, Shirley, NY, USA), and procaine 1%. The type and amount of these additives were determined by the physician as indicated by the patient condition.

Following the injection series, the patient rested with moist heat covering the knee for 10--15 min following the procedure. After the compress was removed, the area was cleaned with 3% hydrogen peroxide before ambulation.

Patients received follow-up phone calls by a clinician the first day following treatment, and then at 1 month and 3 months. Treatment intervals were provided every 4--6 weeks. This duration between injections allows production of fibrous collagen.

Patient questionnaire
---------------------

At least 6 weeks following completion of the series of prolotherapy injections, each patient's condition was self-evaluated utilizing a 32-point questionnaire. Patients were asked about the severity of their conditions at baseline and after prolotherapy. The outcomes measured included level of pain and function. Twelve questions involved patient assessment of severity of condition on a scale of 0--10, where 0 was no pain and 10 was crippling or severe pain. These questions included average daily pain level at rest, during normal activity (or activities of daily living), and during exercise before and after prolotherapy. After prolotherapy, patients were asked to assess the lasting improvement in daily pain level as a percentage. Range of motion was also assessed on the scale of 0--10.

Levels of stiffness and crepitus were evaluated with another set of questions that ranked these symptoms on a scale of 0--10. Additionally, stiffness and crunching were ranked according to percentage of improvement. Walking ability in terms of distance was ranked before and after prolotherapy, as was exercise ability.

Each patient's total number of medications, with a break-out of number of pain medications, was accounted for in the questionnaire. Each patient was asked about the length of time prior to prolotherapy treatment, length of time since last prolotherapy treatment, any surgery recommendations prior to prolotherapy, and patient expectations about prolotherapy. Finally, patients were assessed about their reason for discontinuation of prolotherapy.

Data analysis
-------------

Data from outcomes were analyzed against baseline utilized a paired Student *t* test. The level of significance was set at *P* \< 0.0001.

Results
=======

Of the 117 patients recruited for this study, 61 patients with 69 knees (8 patients with bilateral knee prolotherapy) were included in this study. Of the 69 knees, 36 (52%) were from female patients and 33 (48%) were from male patients. The average age of patients was 47.2 years with a range of 18--82 years. Three patients who experienced re-injury and were currently undergoing prolotherapy treatment were excluded from the study. Forty-five patients were unavailable for phone or email follow up. Eight patients did not receive the recommended number of sessions and were excluded from the study.

Patients were administered a survey of 32 questions via phone to evaluate the effects of prolotherapy. A self-assessment of pain at rest was ranked on a 10-point scale, which aligns with the Visual Analog Pain Scale.[@b32-cmamd-7-2014-013] No pain to minimal pain was calculated as scores 0 through 3. Moderate pain was considered as 4--6 points on the questionnaire, and severe pain was scores from 7--10. The following data was reported by patients before prolotherapy: 45 knees had no pain to minimal pain (65.2%), 13 knees produced moderate pain (18.8%), and 11 had moderately worse to severe pain (15.9%). Following prolotherapy, 67 knees (97.1%) were reported to have no pain to minimal pain. Only 2 knees (2.9%) had moderate pain after prolotherapy with no patients (0%) citing severe pain at rest. At rest, pain amelioration after prolotherapy was statistically significant as compared to level of pain before prolotherapy (*P* \< 0.0001) ([Table 1](#t1-cmamd-7-2014-013){ref-type="table"}).

Upon assessment of pain in patients during normal activities of daily living before prolotherapy, 22 knees (31.9%) were pain-free or had minimal pain, 24 knees (34.8%) sustained moderate pain, and 23 (33.3%) had severe pain. Following prolotherapy, 65 knees (94.2%) were reported to have no pain to minimal pain, and only 4 knees (5.8%) retained moderate pain. No patients (0%) experienced severe pain. Alleviation of pain upon normal activity was statistically significant in patients after prolotherapy as compared to baseline (*P* \< 0.0001) ([Table 1](#t1-cmamd-7-2014-013){ref-type="table"}).

Finally, pain during exercise before prolotherapy was absent or minimal in 10 knees (14.7%) of patients. Sixteen knees (23.5%) had moderate pain. Severe pain was experienced in 42 knees (61.8%) of patients during exercise. After prolotherapy, 57 knees (83.8%) of patients experienced no pain or minimal pain. Nine knees (13.2%) sustained moderate pain with exercise, and 2 knees (2.9%) developed severe pain with exercise despite prolotherapy. One patient was excluded from answering this question due to overall health condition. The reduction in pain during exercise was statistically significant as compared to pain before prolotherapy (*P* \< 0.0001) ([Table 1](#t1-cmamd-7-2014-013){ref-type="table"}).

At least 6 weeks since their last prolotherapy treatment, patients ranked their continued improvement in daily pain level. Of those receiving prolotherapy, 43 knees (62.3%) of patients had 100% sustained improvement. Seventy-five percent to 99% of improvement in pain relief from the last prolotherapy session was sustained in 19 knees (28.8%). Two knees (2.9%) of patients experienced 50% to 74% improvement in their relief following the last prolotherapy session. One knee (1.4%) of a patient had less than 25% continuation of pain relief achieved through prolotherapy. Finally, one patient (1.4%) stated that prolotherapy did not produce lasting pain relief. Three patients were non-responders.

Range of motion was not affected or was affected minimally in 53 knees (76.8%) of patients prior to prolotherapy. Eight knees (11.6%) had moderate impairment and 8 (11.6%) experienced severely impaired range of motion. After prolotherapy, 67 knees (97.1%) showed improvement in range of motion with an absence of or minimal pain. One patient (1.4%) reported moderately affected range of motion in his knee, and 1 patient (1.4%) said he had continued to experience a severely affected range of motion. The improvement in range of motion is shown in [Table 1](#t1-cmamd-7-2014-013){ref-type="table"}.

Stiffness severely affected 11 knees (16.2%) of patients and moderately affected 17 knees (25.0%) before prolotherapy. Forty knees (58.8%) had no stiffness or minimal stiffness. After prolotherapy, 65 knees (95.6%) of patients experienced no stiffness or minimal stiffness. Three knees (4.4%) continued to experience moderate stiffness, but no patients (0%) reported severe stiffness after prolotherapy. One patient was a non-responder. Improvement in stiffness following prolotherapy is shown in [Table 1](#t1-cmamd-7-2014-013){ref-type="table"}.

Severe crepitus, or crunching, affected 14 knees (20.3%) prior to prolotherapy. Nineteen knees (27.5%) had moderate crunching, and 31 knees (44.9%) had no crunching or minimal crunching. Sixty-four patients rated their crepitus before prolotherapy. After prolotherapy, patients reported an absence of or minimal crepitus in 59 knees (85.5%). Eight knees (11.6%) sustained moderate crunching, and 2 knees (2.9%) had severe crunching after prolotherapy. Improvement in crepitus is shown in [Table 1](#t1-cmamd-7-2014-013){ref-type="table"}.

Walking ability was completely affected with an inability to ambulate in 6 knees (8.8%) in 68 responders. Before prolotherapy, walking ability was severely compromised with an inability to walk one block in 8 knees (11.8%). Four knees (5.9%) were moderately affected with an ability to walk only one to two blocks. Twenty-six knees (38.2%) were mildly affected, with an ability to walk more than three blocks, but not as far as desired. Before receiving prolotherapy 24 knees (35.3%) were not compromised. One patient was a non-responder on ability before prolotherapy. After prolotherapy 56 knees (82.3%) had no distance restrictions and were able to walk over three blocks. Eleven knees (16.2%) were mildly compromised and could walk over three blocks, but not as far as desired. Only 1 patient (1.5%) stated moderate compromise with an ability to walk one to two blocks ([Table 2](#t2-cmamd-7-2014-013){ref-type="table"}).

Exercise and walking ability before and after prolotherapy was determined, and is shown in [Table 2](#t2-cmamd-7-2014-013){ref-type="table"}. Before prolotherapy 17 knees (25.0%) were completely compromised and patients were unable to exercise. Nineteen knees (27.3%) were severely compromised, and patients were only able to exercise 0--30 min. Seventeen knees (25.0%) were moderately comprised, and patients were unable to exercise for longer than 30--60 min. Nine knees (13.2%) were mildly compromised, meaning patients were able to exercise longer than 60 min, but not as long as desired before prolotherapy. In 6 knees (8.8%), patients said their exercise ability was not affected. One patient did not respond to the question.

After prolotherapy, 38 knees (55.9%) showed no compromised exercise ability. Twenty-three knees (33.8%) were mildly compromised. These patients were able to exercise longer than 60 min, but not for the length of time desired. Five knees (7.3%) had moderately comprised exercise ability, and patients were unable to exercise longer than 30--60 min despite prolotherapy. One patient (1.5%) said he was still severely compromised, and only able to exercise 0--30 min. One patient (1.5%) stated he was completely compromised and unable to exercise. One patient did not reply to this question.

Patients were surveyed regarding the total number of pain medications as well as number of pills of each that they needed prior to prolotherapy. No pain medication was needed in 40 study knees (58.0%) before prolotherapy, but 24 knees (34.8%) needed at least 1 pain medication and 5 knees (7.2%) needed 2 pain medications. After prolotherapy, 66 knees (95.6%) of patients in the study required no pain medication and only 3 patients (4.3%) required 1 medication for pain relief.

Of the 24 knees of patients who required 1 pain medication before prolotherapy, 6 knees (25.0%) required at least 1 pill per day and 13 knees (54.2%) required 2 pills per day. Four knees (16.7%) of patients required 4--6 pills per day of one medication. One knee (4.2%) required 8 pills. After prolotherapy, in patients who required only 1 medication per day, 3 knees required 1 pill (33.3%) or 2 pills (66.6%) per day. Sixty-six of 69 knees (95.6%) of patients required no pain medication.

Of the 5 knees of patients who required 2 pain medications before prolotherapy, 2 knees (40.0%) required 2 pills. One knee (20.0%) required 4 pills of 2 pain medications. Finally, 1 knee (20.0%) required 12 pills total and 1 knee (20.0%) required 16 pills total of 2 pain medications. Of the patients who required 2 pain medications, following prolotherapy only 1 knee required 1 pain medication consisting of 1 pill; this was in the patient who originally required 12 pills of 2 pain medications. The remaining knees that required 2 medications initially did not require any pain medication following prolotherapy ([Table 3](#t3-cmamd-7-2014-013){ref-type="table"}).

Patients were asked how long they had waited from their pain complaint to prolotherapy treatment. For 22 knees in the study, patients had waited less than 6 months before seeking treatment with prolotherapy. For 10 knees, patients waited longer than 6 months, but less than 12 months. Twelve knees were enrolled in prolotherapy after waiting 1 year, but less than 2 years. Fifteen knees of patients had symptoms for 2--3 years before treatment. Five knees had pain related to chondromalacia patella for almost 4--6 years before treatment. Finally, 2 patients waited 10 years before prolotherapy and another patient did not undergo prolotherapy for 12 years following onset of pain related to chondromalacia patella. The average duration of pain onset to prolotherapy was 21.6 months.

Time from last prolotherapy varied among patients. Fifteen knees (22.0%) had undergone prolotherapy within the last 6 months. Twenty-seven knees (39.7%) had undergone prolotherapy in the last 7--12 months. There were 18 knees (26.5%) that received prolotherapy in the last 13--24 months. Six knees (8.8%) received treatment with prolotherapy in the last 25--36 months. Finally, 1 patient (1.5%) underwent prolotherapy 8 years prior. Information on 1 knee was unavailable. The average time from last prolotherapy was 14.7 months.

Of the 16 knees (23.2%) that were recommended for surgery prior to receiving prolotherapy, only 3 knees (4.3%) were recommended for surgery after prolotherapy.

Fifty-eight of 61 patients (95.1%) enrolled in this study said prolotherapy met or exceeded their expectations. No side effects of prolotherapy were reported by the study patients.

Prolotherapy was discontinued for 15 study knees (21.7%) due to financial constraints. Distance to the clinic was a factor for discontinuation of treatment of 1 knee (1.4%) in 1 patient. The patients of 5 knees in the study (7.2%) were happy with the results of prolotherapy, although not 100%, and discontinued prolotherapy. Patients of 38 knees (55.1%) discontinued prolotherapy because they were pain-free. Finally, prolotherapy was discontinued in 10 knees (14.5%) for unknown reasons.

Discussion
==========

In the United States, approximately one third of adults between the ages of 25 and 74 years have radiological evidence of osteoarthritis in a major joint. The knee is the most commonly affected joint in those greater than 45 years old.[@b2-cmamd-7-2014-013] Chondromalacia patella, the result of osteoarthritis in the knee, can be age-related or due to trauma. Prolotherapy in this cohort of 69 knees showed statistically significant improvements in pain at rest and with activity. Functionality was improved by evidence of increased range of motion, walking ability, and exercise ability. Previous prolotherapy studies show the improvement of pain in human patients in various locations of the body, including the knee.[@b33-cmamd-7-2014-013]--[@b44-cmamd-7-2014-013]

Prolotherapy improved the pain and associated symptoms of chondromalacia patella in nearly all knees in this study despite the fact that patients waited an average of nearly 2 years (21.6 months) before prolotherapy. Improvements in pain, range of motion, stiffness, and crepitus were sustained in over 92% of patients. Pain medication usage also was decreased following prolotherapy.

Specifically, with prolotherapy, there was a substantial decrease in the number of knees with modestly worse to severe pain at rest from 11 knees (15.9%) to 0 knees (0%) and in those knees with modest pain at rest from 13 knees (18.8%) to 2 knees (2.9%). More knees had no pain or minimal pain at rest following prolotherapy compared to before treatment (*P* \< 0.0001).

Prolotherapy had a notable effect on the potential for pain-free activity and exercise. After prolotherapy there was a substantial increase in the number of knees reported to have no pain or little pain upon activity from 22 knees (31.9%) to 67 knees (97.1%). A decrease in the number of knees experiencing moderate pain was also observed from 24 knees (34.8%) to 4 knees (5.8%). Initially, 23 knees (33.3%) produced severe pain during activity, but no patient experienced severe pain after prolotherapy. Overall, this reduction in pain during activity was statistically significant (*P* \< 0.0001).

Similarly, upon exercise and before prolotherapy, 42 knees (61.8%) of patients developed severe pain and 16 knees (23.5%) produced moderate pain. After prolotherapy, only 2 knees had severe pain upon exercise and 9 knees sustained moderate pain. Fifty-nine knees (86.8%) had no pain or minimal pain during exercise after prolotherapy compared to 10 knees (14.7%) without pain before prolotherapy. The alleviation of pain upon exercise compared to the pain before prolotherapy was also statistically significant (*P* \< 0.0001).

At least 75% of prolotherapy effect on pain relief lasted in 62 knees (89.9%) following treatment. Only 1 patient stated that pain relief from prolotherapy did not last.

Knee stiffness was also ameliorated with prolotherapy. Eleven knees experienced severe stiffness before prolotherapy, but no knees were reported to have this extreme stiffness following treatment. Of the 17 knees (25.0%) with initial moderate stiffness, only 3 knees (4.4%) continued to have this degree of stiffness. The number of knees that sustained no stiffness or minimal stiffness increased from 40 knees to 65 knees (95.6%).

The associated symptom of crepitus was also alleviated with prolotherapy. Severe crunching was originally reported in 14 knees (20.3%), which decreased to 2 knees (2.9%) after prolotherapy. Moderate crunching only affected 8 knees (11.6%) after prolotherapy. Fifty-nine knees (85.5%) had no crunching or a slight degree of crepitus after prolotherapy.

Range of motion, walking ability, and exercise ability all were improved with prolotherapy. Of 8 knees (11.6%) with a severely limited range of motion and 8 knees (11.6%) with moderate limitation, 14 knees showed improvement following prolotherapy. Before prolotherapy, 5 patients with 6 knees (8.8%) were completely unable to walk. Of these patients, 4 achieved the ability to walk with no distance restrictions and 1 patient could walk farther than 3 blocks, but not as far as desired. In the remainder of patients whose walking ability was mildly to severely affected, 82.3% (56 knees) had no distance restrictions during walking after prolotherapy. Of 17 knees (25.8%) that could not tolerate exercise before prolotherapy, only 1 knee continued to be completely compromised. Although 18 knees (27.3%) could not tolerate exercise beyond 30 min, only 1 knee was affected to this extent after prolotherapy. Seventeen knees before prolotherapy with 5 patients stating moderate compromise after prolotherapy, meaning patients could not exercise the knee beyond 60 min. Initially, only 9 knees (13.6%) reported mild compromise and 6 knees (9.1%) were not affected by exercise. After prolotherapy, the condition of 23 patients (33.8%) had improved to mildly compromised, and 38 knees (55.9%) experienced no degree of compromise during exercise. Fifty-eight of 64 knees (90.6%) had sustained this improvement at rates ≥ 75% of the effect achieved at their last prolotherapy session.

The total number of pain medications and their frequency were decreased after prolotherapy. Before prolotherapy, 29 knees (42.0%) of patients required 2 or fewer medications. The number of pain pills needed ranged from 1 pill per day (in 4 knees) to 16 pills per day (in 1 knee). Sixty-six of 69 study knees (95.6%) no longer required medication.

Twenty-nine knees needed pain medication prior to prolotherapy, but only 3 knees required pain medication after treatment. Only 3 knees of the 69 knees in our study were later recommended for surgery by an orthopedist. The length of time from last prolotherapy was also notable with an average length of time of 14.7 months (range, 6 months to 8 years).

The limitations of our study include the limited number of patients. We also did not include control subjects. Additionally, there is some inherent bias of self-reporting questionnaires. Although diagnostic equipment was available, no objective data, such as X-rays, magnetic resonance imaging, or other data from physical examinations, were used for these study patients. These tests were not conducted so that the cost to the patient remained low as prolotherapy is typically not covered by medical insurance. However, we believe future studies involving imaging studies will document successful cartilage regeneration in joints following prolotherapy, as already shown in a preliminary case series of prolotherapy patients who underwent high-resolution ultrasound and magnetic resonance imaging.[@b45-cmamd-7-2014-013]

The strengths of our study include the numerous parameters of activities of daily living that were evaluated in the study patients. No other treatment was provided so that the effects of the prolotherapy regimen could be clearly examined.

The results of this study confirm the findings of our previous study of 119 knees in 80 patients, in which more than 82% of patients showed improvements in walking ability, medication usage, athletic ability, anxiety, depression, and overall disability following prolotherapy injections for unresolved knee pain. In that study, patients were provided prolotherapy of 20--40 injections every 3 months and then evaluated at 15 months. As in this study, 96% of patients felt that prolotherapy had improved life overall.[@b33-cmamd-7-2014-013]

Changes in the current treatment modalities for chondromalacia patella resultant from osteoarthritis are needed and are evolving. In fact, the International Cartilage Repair Society and Osteoarthritis Research Society International has stated that of NSAIDs should only be used short-term.[@b46-cmamd-7-2014-013]

The results of this study suggest that prolotherapy in the treatment of chondromalacia patella is associated with substantial gains in pain relief and functionality. As prolotherapy is a simple, rapid, and a low-morbidity option for use in the outpatient setting, it can be considered a first-line conservative therapy for chondromalacia patella. The application of prolotherapy to chondromalacia patella, a rheumatological disease in need of definitive therapy, warrants further investigation.
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###### 

Symptom assessment in chondromalacia patella patients[\*](#tfn2-cmamd-7-2014-013){ref-type="table-fn"} before and after prolotherapy.

  PAIN LEVEL[\^](#tfn3-cmamd-7-2014-013){ref-type="table-fn"}   PAIN (AT REST)   PAIN (ADL[†](#tfn4-cmamd-7-2014-013){ref-type="table-fn"})   PAIN (EXERCISE)[‡](#tfn5-cmamd-7-2014-013){ref-type="table-fn"}   ROM[\*\*](#tfn6-cmamd-7-2014-013){ref-type="table-fn"}   STIFFNESS[‡](#tfn5-cmamd-7-2014-013){ref-type="table-fn"}   CREPITUS                                                                         
  ------------------------------------------------------------- ---------------- ------------------------------------------------------------ ----------------------------------------------------------------- -------------------------------------------------------- ----------------------------------------------------------- --------------- ------------ ------------ ------------ ------------ ------------ ------------
  0--3 (minimal)                                                45 (65.2%)       67 (97.1%)                                                   22 (31.9%)                                                        65 (94.2%)                                               10 (14.7%)                                                  57 (83.8%)      53 (76.8%)   67 (97.1%)   40 (58.8%)   65 (94.2%)   31 (44.9%)   59 (85.5%)
                                                                                                                                                                                                                                                                                                                                                                                                                      
  4--6 (moderate)                                               13 (18.8%)       2 (2.9%)                                                     24 (34.8%)                                                        4 (5.8%)                                                 16 (23.5%)                                                  9 (13.2%)       8 (11.6%)    1 (1.4%)     17 (25.0%)   3 (4.3%)     19 (27.5%)   8 (11.6%)
                                                                                                                                                                                                                                                                                                                                                                                                                      
  7--10 (severe)                                                11 (15.9%)       0 (0%)                                                       23 (33.3%)                                                        0 (0%)                                                   42 (61.8%)                                                  2 (2.9%)        8 (11.6%)    1 (1.4%)     11 (16.1%)   0 (0%)       14 (20.3%)   2 (2.9%)
                                                                                                                                                                                                                                                                                                                                                                                                                      
                                                                *P* \< 0.0001    *P* \< 0.0001                                                *P* \< 0.0001                                                     *P* \< 0.0001                                            *P* \< 0.0001                                               *P* \< 0.0001                                                                    

**Notes:**

N = 69 knees in 61 patients,

Pain level as rated by Visual Analog Pain Scale (VAS),

ADL = activities of daily living,

n = 68 responders,

ROM = range of motion,

n = 64 responders.

###### 

Movement assessment of knees[\*](#tfn9-cmamd-7-2014-013){ref-type="table-fn"} of chondromalacia patella patients before and after prolotherapy.

  WALKING ABILITY                                                            BEFORE PROLOTHERAPY[†](#tfn10-cmamd-7-2014-013){ref-type="table-fn"}       AFTER PROLOTHERAPY
  -------------------------------------------------------------------------- -------------------------------------------------------------------------- -------------------------------------------------------------------------
  No distance restriction for walking                                        24 (35.3%)                                                                 56 (82.3%)
  Mild: \> 3 blocks but not as far as desired                                26 (38.2%)                                                                 11 (16.2%)
  Moderate: 1--2 blocks                                                      4 (5.9%)                                                                   1 (1.5%)
  Severe: \< 1 block                                                         8 (11.8%)                                                                  0
  Total disability: requires wheelchair or aid                               6 (8.8%)                                                                   0
  **EXERCISE ABILITY**                                                       **BEFORE PROLOTHERAPY**[‡](#tfn11-cmamd-7-2014-013){ref-type="table-fn"}   **AFTER PROLOTHERAPY**[†](#tfn10-cmamd-7-2014-013){ref-type="table-fn"}
  None: exercise ability not affected                                        6 (8.8%)                                                                   38 (55.9%)
  Mild: no restrictions; can exercise \>60 min, but not as long as desired   9 (13.2%)                                                                  23 (33.8%)
  Moderate: can exercise 30--60 min maximum                                  17 (25.0%)                                                                 5 (7.3%)
  Severe: can exercise 0--30 min maximum                                     18 (27.3%)                                                                 1 (1.5%)
  Total disability                                                           17 (25.0%)                                                                 1 (1.5%)

**Notes:**

N = 69,

1 non-responder,

2 non-responders.

###### 

Pain medication in chondromalacia patella patients before and after prolotherapy.

  PAIN MEDICATIONS      NUMBER OF PILLS PER DAY   BEFORE PROLOTHERAPY   AFTER PROLOTHERAPY
  --------------------- ------------------------- --------------------- --------------------
  **0 Prescriptions**                             40 (58.0%)            66 (95.6%)
  **1 Prescription**                              24 (34.8%)            3 (4.3%)
  1                     6 (25.0%)                 1 (33.3%)             
  2                     13 (54.2%)                2 (66.6%)             
  4--6                  4 (16.7%)                 0                     
  8                     1 (4.2%)                  0                     
  **2 Prescriptions**                             5 (7.2%)              0
  1                     0                         0                     
  2                     2 (40.0%)                 0                     
  4--6                  1 (20.0%)                 0                     
  12                    1 (20.0%)                 0                     
  16                    1 (20.0%)                 0                     
